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LONGITUDE: 108.53° W 8 ’
ELEVATION: 1088 meters S
MEAN PRESSURE: 891 millibars EE
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.7 2.6 3.8 5.0 3.9 6.7 7.0 6.1 4.5 EA L9 1.4 4.1
Min/Max | 1.52.0 23/2.8 3.2/42 | 45/57 52/65 58/75| 6176 5567 3.6/53| 2734 1721 13/1.6 | 3.9/43
Latitude-15 Average 2.9 39 4.9 5.6 6.0 6.6 7.1 6.7 5.6 45 32 27 50
Min/Max | 2238 3346 4058 | 5066 5367 5774 | 677 BIF4 4283 35E 2638 2ipB1 | 46/52
Tty Average 33 4.2 5.1 5.5 5.6 6.0 6.5 6.5 5.7 48 35 3.1 5.0
Min/Max | 2.5/44 3.6/52 4.0/6.1 | 49/64 49/63 52/68 | 5.7/7.1 58/72 42/69 | 3956 2943 24/36 | 4.6/53
Latitude +15 | Average | 35 44 5.1 5.1 5.0 5.2 5.7 5.9 5.5 49 3.7 33 48
Min/Max | 2.6/47  3.7/54 3.96.0 | 45/6.0 43/55 45/58 | 5.0/62 53/65 4.0/6.7 | 3.9/57 3.0/45 2.6/4.0 | 4450
90 Average 34 4.0 42 3.6 3.1 3.0 5% 38 4.2 4.2 kv 3 3.0
Min/Max | 2.4/4.7 3.2/49 3.1/50 | 3.2/42 2.8/34 2.7/33 | 3.0/3.6 3542 3.1/51| 3.3/49 2843 2539 | 3.3/39
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | ¥epr
0 Average i 3.7 54 6.8 1.9 21 9.8 8.8 6.7 4.0 2.9 2.2 5.9
Min/Max | 2.0/33 3.1/45 4.1/65 | 5884 67/9.1 7.5/10.7| 8.0/10.9 7.6/10.1 4.7/83 | 3.7/54 2335 1.872.6|53/63
Latitude -15 | Average | 35 4.7 63 7.4 g2 9.2 10.1 9.4 7.6 ) 38 32 6.6
2 Min/Max | 2.5/4.6 3.9/59 47/7.7 | 6.3/9.1 6894 7.5/109| 8.2/11.1 8.1/108 52/95 | 44/6.7 3.0/47 24/3.8|59/7.0
Latitie Average 38 L, 6.4 T 7.9 8.8 9.7 0.2 7.6 6.0 4.1 ] 6.6
F Min/Max | 2.7/5.1  4.1/6.3 4.8/7.9 | 62/9.1 6.6/9.1 7.2/10.5| 7.9/10.8 8.0/10.6 5.3/9.6 | 4.6/7.0 3.3/5.1 2.7/42 | 5.9/7.0
Latitude +15 Average 4.0 3.1 6.4 7.0 .o 8.3 9.1 8.8 T 6.0 4.3 3.7 6.5
; 7| Min/Max | 2.8/54 4.2/64 47/78 | 59/87 62/8.6 67/98 | 7.4/10.1 7.6/102 5.1/94 | 4.6/7.1 34/53 2844 | 5869
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
graeg Average 4.0 26 0.5 74 8.3 9.4 10.3 9.4 .7 6.1 4.3 38 6.9
< Min/Max | 2.8/5.4 4.2/64 4879 | 6.3/92 69/95 7.7/11.1| 84/11.4 82/109 53/9.6 | 47/7.1 34/53 2945 | 6.1/7.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 23 ¢ 3i1 3.4 3.9 4.8 5.6 51 4.1 3.5 25 L 3.6
Horiz Axis | Min/Max | 1.2/3.6 1839 20/45 | 24/48 27/50 3.5/63 | 42/65 41/63 23/57| 23144 1734 1573.1 | 3.04.0
1-Axis, N-§ | Average 1.4 22 33 43 52 6.4 74 6.7 4.9 33 1.8 13 4.0
Horiz Axis Min/Max | 0.8/2.3 1.5/3.2 2.1/48 | 3.1/63 3.7/6.6 4.6/84 | 54/86 53/84 2.7/68 | 2.1/42 12/25 08/1.8 | 3.3M45
1-Axis, N-§ | Average 24 32 4.1 4.7 5.2 6.1 To 6.9 5:1 44 2.8 2:3 4.6
Tilt=Latitude | Min/Max | 1.3/3.9 2.2/47 2.6/6.0 | 3.4/6.8 3.7/6.6 4.4/8.0 | 53/84 5587 3.1/7.9 | 28/5.6 1939 1532 | 3.85.1
Bldati Ayerage 2.6 33 4.1 4.8 55 6.6 7.8 T2 5.7 44 29 2.5 4.8
Min/Max | 1.4/42 23/48 26/6.1 | 3.4/69 39/69 4.8/87 | 5690 57/9.0 3.1/80 | 2.9/57 2041 1635 |3.953
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dee | Year
Temperature (°C) -5.1 -1.7 1.9 7.6 12.8 18.2 225 215 15:1 9.5 1.7 -3.6 8.4
Daily Minimum Temp -10.2 -7.0 -3.8 L 6.3 {14 14.6 3.7 8.1 3.1 3.6 -8.6 2.1
Daily Maximum Temp 0.1 33 7.7 139 19.3 25.3 304 29.3 22,0 159 6.9 1.3 14.6
Record Minimum Temp | -34.4 -38.9 -28.3 -20.6 -10.0 0.0 5.0 44 -5.6 -21.7 -30.0 -35.6 -38.9
Record Maximum Temp | 20.0 283 26.1 333 35.6 40.6 41.1 40.6 394 322 25.0 20.6 41.1
HDD, Base 18.3°C 727 560 508 323 176 66 7 23 134 277 498 681 3980
CDD, Base 18.3°C 0 0 0 0 3 63 136 122 36 3 0 0 362
Relative Humidity (%) 60 39 58 54 55 23 46 44 52 53 59 61 54
Wind Speed (m/s) 6.3 55 5.0 &l 4,7 4.3 42 42 44 49 5.2 59 5.0
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 14 2.7 3.5 49 5.9 6.6 6.9 58 4.2 2.8 1.6 L1 39
Min/Max | 1.2/1.6 1925 2.8/39 | 42/56 5.3/68 57/71.6| 63/74 5.1/66 33/48| 2430 1418 10/1.3 | 3.7/4.1
| Latitude -15 | Average | 2.6 37 4.8 5.6 6.1 6.5 7.0 6.5 5.4 4.3 2.9 2.4 4.8
4 Min/Max | 2.0/3.2 28/43 3.4/55 | 48/67 55/72 55/1.5| 63(7.5 5575 39/65 | 3549 2437 1828|4552
fsttbide Average | 3.0 4.0 4.9 55 53 5.9 6.3 6.2 5.4 4.6 3.3 i 4.8
Min/Max | 22/3.7 3.0/47 34/58 | 46/66 5.1/67 50/6.8 | 58/69 5372 38/6.7 | 3.6/53 2642 21/33 | 45/52
Latitude +15 | Average | 32 42 4.9 5.1 51 51 5.6 5.6 5.2 4.6 35 29 4.6
O | Min/Max | 23/4.1  3.1/49  3.3/57 | 4.3/6.1 45/59 44/59 | 5.1/6.0 4.8/65 3.6/64 | 3.6/53 27/44 2236|4250
90 Average | 3.1 3.9 4.1 3.8 3.4 32 3.6 3.9 4.1 4.1 33 2.9 3.6
Min/Max | 2.2/40 2.84.5 2.7/48 | 32/46 3.0/38 2836 3.2/38 3345 2851 | 3247 2542 22/35]|33/39

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors

with a North-South Axis (kWh/m?fday), Uncertainty 9%

[ Axis Tilt (°) | Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 23 34 5.1 6.9 8.1 9.0 9.8 8.4 6.2 43 25 1.8 3.7
Min/Max | 1.7/27  2.6/40 35/6.1 | 5585 7.1/98 7.3/111| 86/107 69/10.1 42/7.7 | 34/50 2032 14/22|526.1
Latitude -15 | Average | 3.1 45 6.1 7.6 8.4 9.1 10.1 9.0 % 5.4 35 18 6.4
Min/Max | 2.3/4.0 3.3/54 4.0/7.3 | 59/94 7.3/103 74/11.3| 88/11.1 7.3/109 4.7/90 | 42/63 2845 2.1/34 5.8/7.0
Laftids Average 34 4.8 6.2 1.5 8.2 8.7 9.8 8.9 7l S 38 -l 6.5
Min/Max | 2.5/4.4 3.5/57 40/75| 5994 7.1/100 7.1/109| 85/107 7.2/10.7 4.7/9.1 | 43/6.6 3.049 23/38 | 59/7.0
Latitude +15 Average 3.0 49 e L 1.7 8.2 52 8.4 7.0 5.7 4.0 32 6.3
Min/Max | 2.5/4.6 35/59 39/74 |5.6/9.1 6794 6.6/103| 8.0/10.1 6.8/102 4.6/8.9 | 43/67 3.1/52 24/4.0 | 5.7/69
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5 Axis Average 3.6 4.9 6.2 7.6 8.6 9.3 10.3 9.1 72 5.7 4.0 33 6.7
i Min/Max | 2.6/4.7 35/59 4.1/)75 | 6.0/95 74/104 7.6/11.7| 9.0/11.3 7.4/109 4.8/9.1 | 44/67 3.1/52 24/4.1 6.1/7.3
Direct Beam Solar Radiation for Concenirating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, B-W | Average ig 29 3.1 34 3.9 44 54 4.6 37 32 24 2: 34
Horiz Axis Min/Max | 1.1/3.0 1.8/3.7 1.6/4.1 | 23/50 3.0/55 3.0/64 | 42/62 33/6.1 2.0/52 | 2.1/40 1.6/3.5 1.2/2.8 | 3.04.0
1-Axis, N-S | Average 1.3 2.1 3.2 4.4 52 59 7.2 6.0 43 2.9 1.6 11 3.8
Horiz Axis Min/Max | 0.7/1.8 1.4/2.8 1.6/4.4 | 2.8/64 4.0/7.3 4.1/87 | 55/82 43/8.1 22/6.0 1.9/3.7 1.1/2.3 0.7/1.6 | 3.2/44
1-Axis, N-S | Average 2.3 32 4.1 4.8 53 5.7 7.0 6.4 5.1 4.1 7 2.1 4.4
Tilt=Latitude | Min/Max | 1.2/3.2 2.1/43 2.0/55 | 3.1/7.1 4.0/7.3 4.0/84 | 54/8.1 46/85 2.7/7.2 | 2.6/5.1 1.8/39 1329 | 3.3/5.1
9 A Average 23 33 4.1 4.9 5.6 6.2 7.6 6.6 5.1 4.1 2.8 23 4.6
Min/Max | 1.3/3.5 2.2/44 2.0/55 | 32/72 43/78 4391 5.8,"8.7 47/88 27172 | 2.7/52 1.9/4.1 14j32 | 39/53
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -8.1 4.9 -1.4 4.6 9.9 14.6 17.9 17.4 11.8 6.7 i 6.7 L
Daily Minimum Temp -13.7 -10.8 -7.3 2.1 31 75 9.7 9.2 4.1 -0.4 712 -122 -1.7
Daily Maximum Temp -2.5 1.0 4.6 11.2 16.8 217 26.1 25.6 19.4 13.7 43 -1.2 i
Record Minimum Temp | -37.2 -34.4 -31.1 -18.9 -10.6 -1.1 17 -0.6 -6.1 -21.1 -30.6 -39.4 -39.4
Record Maximum Temp | 194 18.9 222 294 317 344 36.7 41.1 35.0 30.0 25.0 16.1 41.1
HDD, Base 18.3°C 818 650 612 412 260 125 43 86 209 362 593 7 4947
CDD, Base 18.3°C 0 0 0 0 0 13 31 57 13 0 0 0 114
Relative Humidity (%) 66 66 64 57 55 56 51 51 56 50 66 68 59
Wind Speed (m/s) 6.5 6.0 5.6 6.0 55 5.1 4.8 4.6 4.9 5.5 5.5 59 5.3
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WBAN NO. 94008

LATITUDE: 48.22° N
LONGITUDE: 106.62° W
ELEVATION: 700 meters

MEAN PRESSURE: 933 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%

Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.5 2.3 3.6 4.7 5:7 6.5 6.7 7 4.1 23 1.6 1.2 39
Min/Max | 1.3/1.7 1.9/2.7 2.8/42 | 4.1/54 48/67 5674 | 5974 50/64 3347 | 23029 1417 L1013 |3.7/4.1
Totbtude <15 Average 2.7 3.7 4.8 54 5.8 6.4 6.8 6.4 5.2 4.1 2.8 23 4.7
Min/Max | 2.3/3.5 2.7/43 3.3/58 | 46/64 49/7.0 54/74 | 6.0/7.6 53/72 40/62 | 32/46 23/33 1729 | 45/5.1
Tafifude Average 3il 4.1 5.0 3.5 5.5 5.9 6.3 6.1 5.3 43 3:1 2.6 4.7
Min/Max | 2.5/4.0 29/48 34/6.1 | 44/6.3 4.6/65 50/68 | 55/7.0 5.1/69 4.0/63 | 3450 2.6/3.8 1933|4551
Latttade 415 Average a3 4.2 49 49 48 5.0 5.5 55 5.0 4.4 33 2.8 45
Min/Max | 2.7/4.3 3.0/50 3.2/6.1 | 4.1/5.8 4.0/58 4.3/58 | 4.8/6.0 4.6/63 38/6.1 | 34/50 2.7/40 2.0/3.7 | 42/48
o0 Average 32 3.9 4.2 3.6 32 31 3.4 38 3.8 38 3.1 2.8 35

Min/Max | 2.6/4.3 2.7/47 26/55 |3.042 2737 2835 | 3.1/37 32/43 29/48 | 2944 25/38 2.0/3.7 | 3.3/38

Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 23 35 52 6.6 77 8.9 9.5 8.2 6.0 4.1 24 1.8 38
Min/Max | 1.8/29 2.5/4.1 35/63 | 5182 6.1/9.6 7.1/103| 8.0/10.7 69/9.6 44/74 | 3.1/47 2029 14/23|5.2/6.0
Lnittade <15 Average 32 4.5 6.1 7.2 8.0 9.0 9.8 8.9 6.9 a1 23 2.9 6.2
Min/Max | 2.6/42 32/54 4.0/7.5 | 55/9.0 6.3/10.1 7.1/105| 82/11.1 7.3/104 35.0/8.6 | 3.8/59 2.7/4.1 19/35 | 58/6.8
Ealide Average 35 4.8 6.3 T2 T 8.6 9.4 8.7 6.9 5.3 3.6 3.0 6.3
Min/Max | 2.8/4.7 3.3/58 4.0/7.8 | 54/9.0 6.1/98 6.8/10.1| 7.9/10.7 7.1/10.2 50/87 | 4.0/62 29/44 2.1/38 | 5.8/6.9
Latitade #15 Average 3.7 49 6.2 6.9 7.3 8.1 8.9 8.3 6.8 5.3 3.7 31 6.1

Min/Max | 2949 34/59 39/7.8 | 52/86 5.7/93 64/95 | 74/10.1 6897 48/85| 4.0/62 3.046 22/4.1 | 57/6.7

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?2/day), Uncertainty £9%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9 A te Average 37 5.0 6.3 1.3 8.1 9.2 10.0 8.9 7.0 54 37 3.2 6.5
Min/Max | 3.0/3.0 3.4/59 4.0/7.8 | 55/9.1 64/10.2 7.3/108| 8.4/11.3 7.3/104 5.0/87 | 4.0/63 3.0M4.7 22/42 | 6.0/7.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.0 2.6 2.9 3.3 2 4.5 52 4.5 35 3.0 22 1.8 33
Horiz Axis Min/Max | 1.3/3.0 14/35 L15/4.1 | 1.8/48 2.3/53 29/60( 3.9/63 3.2/58 2.1/49 | 20/3.8 1530 0926|2939
1-Axis, N-S | Average 12 2.0 34 4.2 4.9 5.9 6.8 59 4.1 2 15 1.0 3.6
Horiz Axis Min/Max | 0.8/1.8 1.1/2.8 1.6/4.3 | 2.2/62 3.1/7.1 3.8/78 | 52/83 43/76 24/58 1.7/3.4 1.0/20 0.5/1.5 | 3.2/43
I-Axis, N-S§ | Average 2.2 £ i) 3.9 4.6 4.9 < 6.7 6.2 49 3.8 24 e, 4.2
Tilt=Latitude | Min/Max | 1.4/3.2 17/42 20/54 | 24/68 32/72 3775 5.1/81 45/80 29/68 | 24/47 16/34 10/27 |3.7/49
T Average 23 - % 3.9 4.7 % 6.2 7.2 6.4 4.9 38 2.6 2.0 4.4

Min/Max | 1.5/34 1.7/43 2.0/54 | 25/69 33/76 4.0/8.1 | 54/87 4783 29/68 | 2548 1735 10430 39,;5.2

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) =119 -8.1 -1.4 6.8 12.8 18.0 21.6 20.8 14.1 7.8 -1.6 -9.3 58

Daily Minimum Temp -17.1 -13.4 -7.2 0.0 5.8 10.7 137 12.9 6.7 0.7 -7.3 -14.7 -0.8
Daily Maximum Temp -6:7 2.7 4.3 13.6 19.6 253 29.3 28.6 L3 14.8 4.2 -3.9 123
Record Minimum Temp | -43.9 -38.3 -32.8 -19.4 -6.7 0.6 5.0 2.8 -6.7 -21.1 -322  -389 | -439
Record Maximum Temp | 12.8 18.9 25.0 328 389 422 40.0 42.2 394 322 239 15.0 422
HDD, Base 18.3°C 937 139 613 345 179 67 11 a9 148 326 597 858 4858
CDD, Base 18.3°C 0 0 0 0 7 57 111 116 20 0 0 0 310
Relative Humidity (%) 73 75 70 58 56 55 51 48 55 59 70 T 62

Wind Speed (m/s) 44 4.6 .l 54 5.5 4.9 4.9 4.9 5.0 4.7 4.3 45 4.8
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Monthly Radiation (kWh/m#/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

 Great Falls, MT

WBAN NO. 24143

LATITUDE: 47
LONGITUDE: 111.

A8° N
37° W

ELEVATION: 1116 meters
MEAN PRESSURE: 888 millibars

STATION TYPE: P
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 14 24 3.7 4.9 5.8 6.7 741 5.9 43 28 E7 12 4.0
Min/Max | 1.1/1.7 22728 29/4.1 | 43/5.7 4965 5779 | 63/7.6 53/67 3.4/5.1| 2432 1.3/1.9 09/1.4 | 3.7/4.2
Latitude <15 Average 2.6 37 4.8 b= 6.0 6.6 72 6.5 54 43 29 2.3 4.8
"~ 77 | Min/Max | 1.5/3.3 2.6/4.7 3.2/56 | 48/6.6 5.0/67 56/7.8 | 63/7.7 5875 3.9/6.7 | 3.2/5.1 1.8/3.5 1.5/3.0 | 4.1/5.2
Fathids Average 3.0 4.0 5.0 54 5.6 6.0 6.6 6.3 5.5 4.6 23 2.7 4.8
i g Min/Max | 1.6/3.8 2.7/52 3.2/59 | 4.6/64 4.6/63 52/7.1 | 5.8/7.1 55/72 39/69 | 33/55 2040 L1735 |40/53
Latnde 415 Average 32 42 5.0 5.0 4.9 52 57 3.7 5.3 4.6 34 2.5 4.6
Min/Max | 1.7/4.1 2.6/54 3.0/59 | 43/6.0 4.1/56 4.5/6.1 5.1/6.2 5.0/65 3.7/6.6 | 3.3/56 2042 1.8/38 | 3.7/50
90 Average 3.1 38 4.2 3.7 32 3.2 3:5 3.9 4.1 4.0 X2 2.8 35
Min/Max | 1.5/4.1 23/50 24/52 | 3.1/44 2.7/3.6 28/3.6 | 3.2/38 34/44 28/5.1 2.8/4.9 18139 L1737 | 2839
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 22 3.5 5.2 6.6 7.8 9.0 9.9 8.4 6.3 4.3 25 1.8 5.6
Min/Max | 1.3/2.8 2.4/4.7 3.2/64 | 5.6/83 6.0/9.1 7.1/11.4| 84/11.0 7.2/102 4.3/7.7 | 29/5.2 1.5/3.1 1.3/24 | 4.7/6.2
Tatitiiae <15 Average 3.1 4.5 6.1 7.2 8.1 9.1 10.2 9.0 T 5 xa d 6.3
; Y | Min/Max | 1.7/40 2.8/6.1 3.5/74 | 6.0/9.1 62/94 72/11.6| 86/11.3 7.7/109 4.7/89 | 3.6/6.6 2043 1.7/3.6 | 5.1/7.0
Tatitiide Average 34 4.8 6.3 T2 7.8 8.7 9.8 8.9 T 5.6 37 3.0 6.4
Min/Max | 1.8/44 29/65 3.5/7.6 | 6.0/9.1 6.0/9.2 6.9/11.1| 83/10.9 7.5/10.8 4.7/9.1 | 3.7/6.9 2.1/46 1.9/4.0 | 5.0/7.1
Latittiils #15 Average 35 4.9 6.2 6.9 74 8.2 932 8.4 71 5.6 3.9 32 6.2
[ Y| Min/Max | 1.8/4.6 28/6.6 3.4/7.6 | 5.7/8.7 5.6/87 64/105| 7.8/103 7.2/103 4.6/89 | 3.7/7.0 2.1/48 2.0/4.3 | 4.8/6.9
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
3 Aie Average 3.6 4.9 6.3 73 8.2 9.3 10.4 9.1 73 5.6 3.9 32 6.6
= : Min/Max | 1.8/4.7 29/6.6 3.5/7.6 | 6.1/9.1 6.3/9.6 74/11.9]| 8.8/11.6 7.7/11.0 4.8/9.1 3.7/7.0 22/49 2.0/43 | 52/73
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feh Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.0 2.6 3.0 32 37 4.5 54 4.6 37 3.2 2.3 1.9 33
Horiz Axis Min/Max | 0.5/29 0.4/39 0.8/40 | 2.1/47 24/47 3.0/68 | 4.1/63 3.7/62 1953 1.7/44 0.9/32 1.0/29 | 2.2/39
1-Axis, N-S Average 1.2 2.0 3.1 4.0 4.9 39 Tk 6.0 4.4 2.9 S L 37
Horiz Axis Min/Max | 0.3/1.8 03/34 0.8/42 | 2.7/6.2 3.1/6.3 3890 | 55/85 4883 21/6.0 1.4/4.1 0.6/2.1 0.5/1.7 | 2.5/43
1-Axis, N-S | Average 2.1 3.0 3.9 4.4 49 ST 7l 6.4 52 4.0 25 20 43
Tilt=Latitude | Min/Max | 0.6/3.1  0.5/4.8 1.0/5.3 | 3.0/6.7 3.1/6.3 3.7/8.7 | 54/83 5.0/87 25/72 | 20/56 10/35 1.0/3.0] 2.8/5.0
9 Ate Average 23 3. 39 45 52 6.2 1.6 6.6 53 4.0 2.3 2.1 4.5
Min/Max | 0.6/3.3 0.5/4.9 1.0/5.3 | 3.0/6.8 3.3/6.7 40/94 | 58/89 52/90 26/72 | 20/5.6 LOMEa L3S [ 25/53
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.0 -2.6 0.7 0.4 11T 16.4 20.1 19.4 E3F 8.6 Ll -4.5 71
Daily Minimum Temp -11.3 -8.2 -5.1 -0.1 4.9 9.2 11.8 11.2 6.4 2 -43 9.7 0.6
Daily Maximum Temp -0.8 34 6.5 12.9 18.4 23.7 28.5 27.6 20.9 1.2 6.4 0.6 13.6
Record Minimum Temp | -38.3 -37.2 -33.9 | -21.1 -9.4 0.6 44 2 -6.1 -23.9 -3L7 417 | 417
Record Maximum Temp | 16.7 20.0 25.6 317 33.9 38.3 40.6 41.1 36.7 32.8 244 20.6 41.1
HDD, Base 18.3°C 754 585 546 357 207 87 21 5l 166 302 518 708 4301
CDD, Base 18.3°C 0 0 0 0 0 30 76 83 26 0 0 0 216
Relative Humidity (%) 63 62 60 54 54 52 45 46 53 53 59 63 55
Wind Speed (m/s) 6.4 5.9 5.4 55 49 4.6 4.3 4.3 4.7 55 6.2 6.4 54
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WBAN NO. 24144

LATITUDE: 46.60° N
LONGITUDE: 112.00° W
ELEVATION: 1188 meters
MEAN PRESSURE: 881 millibars

Manthly Radiation (kWh/m2/day)

STATION TYPE: Secondary

1961-1990 Average

I | ! | |

I
T T T T L] T T T

d FM A M J 4 A §&§ @ N B ¥r

Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%

Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.5 2.3 i 4.8 5.8 6.5 7.0 3.9 4.4 2.9 1.7 1.2 4.0
MimMax | 12717 2127 29M2 |42/36 5165 S675 | 6378 5168 36052 | 2553 1519 LUla | 3842
Laltnde <15 Average 2.5 3.6 4.6 5.4 5.9 6.4 7.1 6.5 53 4.3 28 22 4.7
g Min/Max | 1.9/3.1 3.1/43 3.5/5.6 | 4.6/6.6 5.1/6.7 55/74 | 63/76 55/75 42/69 | 3.5/53 22/33 18/28 [45/5.1
Tatitnde Average 2.8 34 48 3.3 3.5 58 6.5 6.2 5.6 4.6 3.1 2.6 4.7
7 Min/Max | 2.1/3.5 3.3/47 35/59 | 45/65 48/63 50067 | 58/70 5372 42/70| 3.7/57 23/38 2.0/33 (45/52
Laititiids 415 Average 3.0 4.0 47 4.9 4.9 5.0 A T 54 4.7 3.3 28 4.5
Min/Max | 2.2/3.8 3.4/49 34/59 | 4.2/6.] 42/56 4.3/57| 5.1/60 4.8/6.6 4.0/6.8 | 3.7/58 24/40 2.1/3.6 | 4.3/49
90 Average 2.9 ad 3.9 3.5 o 3.0 34 3.8 4.1 4.0 31 il 34

Min/Max | 2.1/38 3046 2.7/52|3.0/43 2835 26/33| 3.1/36 3243 3.1/52] 3151 23/3.8 2.0/3.6 | 3.2/3.8

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%

Axis Tilt () | Jan Feb Mar Apr May June July Aug Sept Oct Nov Deec | Yeit
0 Average 22 34 5.0 6.5 7.8 8.8 10.0 8.6 6.5 4.4 25 1.8 5.6
Min/Max | 1.6/27 3.0/4.1 37/6.2 | 54/84 64/92 7.2/11.0| 85/11.3 7.2/102 4.883 | 3.5/56 19/30 14/23 |5.2/6.1
Yariinda - 19 Average 3.0 4.3 58 il 8.1 8.9 102 9.2 7.4 55 34 26 6.3
; Min/Max | 2.1/3.7 3.7/52 4.1/7.3 | 5892 6.6/96 7.3/1L.1| 87/11.5 7.6/11.0 53/9.6 | 42/6.9 24/4.1 2.0/34 | 5.8/69
Tatitide Average 3.2 4.6 6.0 g 7.8 8.6 9.9 9.0 i 5.7 3.6 2.9 6.3
Min/Max | 2.3/4.1  39/56 42/76|357/9.1 63/93 7.0/10.7| 84/11.1 74108 53/9.7 | 44/73 2.6/45 2238|5970
Latinide #15 Average 34 4.7 558 6.7 74 8.0 9.3 8.0 73 57 38 3.0 6.2
© Min/Max | 2.4/43 3.9/57 4.1/7.6 | 54/88 59/88 6.5/10.1] 7.9/105 7.0/103 5.1/95 | 44/74 27/47 2.3/4.1 | 5.7/6.8
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9 Asis Average 34 4.7 6.0 Tk 8.2 93 10.4 92 75 58 3.8 3.1 6.5
Min/Max | 2.4/44 39/57 42/76 58092 6797 75/11.5] 89/11.8 7.6/11.1 53/9.7 | 44/74 2747 23/4.1 | 6.1/7.2
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | ¥Year
1-Axis, E-W | Average 1.9 2.5 2.8 3:2 3.8 4.5 & 4.8 4.0 3.3 272 1.8 3.4
Horiz Axis Min/Max | 1.1/2.7 1.6/3.4 1.6/3.8 | 2.1/49 2.6/50 3.1/6.5 | 4.3/6.7 3.6/64 23/58 | 2.2/4.7 1.0/3.0 1.1/2.6 | 3.0/4.0
[-Axis, N-S | Average 1.2 2.0 3.0 4.1 5.0 6.0 7.6 6.4 4.7 3.0 15 1.0 38
Horiz Axis Min/Max | 0.7/1.7 1.3/2.8 17/42 | 2.7/6.3 3.4/6.7 4.1/88 | 5.6/9.1 4885 27/68 | 2.044 0621 0.6/1.5 | 3.3/45
1-Axis, N-S | Average 2.0 3.0 3.8 4.5 5.0 5.8 7.4 6.7 55 4.1 2.4 1.8 43
Tilt=Latitude| Min/Max | 1.2/3.0 1.9/4.1 2.1/52 | 2.9/6.9 34/6.7 4.0/84 | 55/89 50/89 3.1/81 | 2.7/60 L1/33 1227 |3.8/5.1
85 K Average 21 3.0 3.8 45 53 6.3 19 6.9 5.6 4.2 2.5 2.0 45
2 w Min/Max | 1.3/3.2 1942 2.1/52 | 3.0/70 3.6/7.1 43/92 | 59/96 52/92 3.1/81 | 2860 1135 13/2.9 | 40/53
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.9 -3.1 0.9 6.3 114 16.7 20.7 19.7 13.0 7.3 -0.2 -6.0 6.7
Daily Minimum Temp -12.4 8.9 -5.4 -0.8 4.2 % 11.9 10.9 5.0 -0.2 -6.3 -11.6 04
Daily Maximum Temp -1.3 27 7.1 13.4 18.6 243 29.4 28.4 21.0 14.7 5.8 -0.4 13.7
Record Minimum Temp | -41.1 -36.1 -344 | -17.2 -8.3 -1.1 2 0.0 -7.8 -22.2 -394 -389 | 411
Record Maximum Temp | 16.7 20.0 25.0 294 333 378 38.9 40.6 372 294 222 17.8 40.6
HDD, Base 18.3°C 782 601 541 360 216 76 19 36 178 343 357 754 4462
CDD, Base 18.3°C 0 0 0 0 0 28 ool 77 18 0 0 0 214
Relative Humidity (%) 67 65 60 54 54 52 46 47 55 59 65 69 58
Wind Speed (m/s) 3.1 34 3 4.1 3.9 2 3.5 32 32 3.1 il 2.8 3.4
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gl WBAN NO. 24146
=
£
Bl LATITUDE: 48.30° N
s LONGITUDE: 114.27° W
R ELEVATION: 904 meters
=X MEAN PRESSURE: 912 millibars
=
E 2+
s STATION TYPE: Secondary
‘I NN
1961-1980 Average
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.2 2.0 <l 4.3 5.4 6.1 B 5.6 4.0 ¢ e L3 1.0 3.6
Min/Max | 0.9/1.5 15/23 25/4.0 [ 3.7/5.1 45/6.1 54/15| 5.6/7.8 4965 3.2/51 | 2032 12/1.4 0811|3438
T Average 19 2.9 4.0 4.9 3.5 6.0 6.7 6.2 51 3.6 1.9 L3 42
Min/Max | 1.3/2.7 1.9/3.7 3.0/55 | 41/6.0 4.5/63 53/74 | 56/7.9 53/7.3 3.7/68 | 2.6/5.1 1.6/24 1.2/1.9 | 3.9/4.6
[ sbinide Average 2.1 3.1 4.1 4.8 Sl g 6.2 59 512 38 2.0 1= 4.1
g Min/Max | 14/3.0 2.04.0 3.1/58 |4.0/59 4.1/59 4867 | 52/7.3 50/7.1 3.6/7.0 | 26/55 1726 12/2.1 | 3.8/45
Latitude +15 Average 22 32 4.0 4.4 4.6 4.7 5.4 54 5.0 38 v A 13 39
Min/Max | 1.4/32 2.0/42 29/59 | 3.6/55 3.7/52 4.2/58 | 4.6/6.3 4.5/64 34/67| 2.6/56 1727 13/22 | 3.5/4.3
90 Average 2:1 3.0 3.4 32 3.0 3.0 3.4 37 5.9 .3 1.9 L7 3.0
Min/Max | 1.3/3.2 1.7/40 24/53 | 2.7/40 2.5/34 2.7/35 | 3.0/39 3.1/44 26/53 | 2.2/49 Lsf2s 1,122 2.7/3.3
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.6 2.8 43 5.9 72 8.2 9.5 8.1 6.0 3.6 17 13 5.0
Min/Max | 1.1/2.3 1.9/35 32/6.0 | 47/74 5.6/8.6 69/10.8| 7.2/11.5 6.5/9.9 4.0/83 | 2.6/52 1.4/2.0 1.0/15 | 4.5/55
Latitude -15 | Average 21 3.5 4.9 6.4 75 8.3 s 8.7 6.8 4.5 2.1 1.7 5.5
- © | Min/Max | 1.4/3.1 2.2/45 3.6/72 | 5.0/8.1 5.6/89 69/11.0] 7.4/11.9 6.9/10.6 4.4/9.7 | 3.0/6.7 1.8/27 1.2/2.1 | 5.0/6.1
T atitude Average 23 3.6 5.0 6.3 %2 8.0 94 8.5 6.9 4.7 23 1.8 5.5
Min/Max | 1.5/34 2348 3.6/7.4 | 49/81 34/87 67/106| 7.1/11.5 6.8/10.5 44/9.8 | 3.0/7.0 19729 1.3/23 | 4.9/6.2
Latiia 15 Average 24 37 5.0 6.0 6.8 7.3 8.9 8.1 6.7 4.7 23 1.9 43
Min/Max | 1.5/3.6 22/49 35/74 |4.7/78 5.1/82 62/10.0]| 6.7/109 6.4/10.0 42/9.6 | 3.0/7.0 1.9/3.0 13/24 | 48/6.0
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
9. Axie Average 24 37 3. 6.4 76 8.6 10.0 8.7 6.9 4.7 2.3 129 577
Min/Max | 1.5/3.6 23/49 3.7/74 | 5.0/82 58/9.1 72/11.3| 7.5/12.1 7.0/10.7 4.4/9.8 | 3.0{7.1 1.9/3.0 1.3/24 | 5.1/6.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 0.9 1.6 22 27 33 4.0 53 4.4 3.6 25 1.0 0.7 2.7
Horiz Axis Min/Max | 0.120 05/2.6 1.2/3.7 | 1.8/4.1 1.9/44  28/63 | 3.4/7.0 3.0/6.0 1.8/58 1.2/44 06/1.6 0.3/1.2 | 2.3/3.2
1-Axis, N-§ | Average 0.6 1 i3 35 4.4 53 6.9 5.8 42 23 0.7 0.4 3.2
Horiz Axis Min/Max | 0.1/1.2  0.4/2.1 1.2/3.8 | 2.2/52 2.6/6.0 3.7/84 | 44/93 3.9/80 20/69 1.1/4.0 04/1.2 0.2/0.7 | 2.7/3.7
I-Axis, N-S | Average 1.0 LS 29 38 4.4 5.1 6.8 6.2 5.0 32 1.1 0.8 35
Tilt=Latitude | Min/Max | 0.1/2.1  0.6/3.1 1.6/49 | 25/5.7 2.6/60 3.6/8.1 | 43/9.1 4.2/85 24/8.1 1.5/5.6 0.6/19 0.4/12 | 3.0/4.2
Gksia Average 1.d 1.9 25 39 4.7 5.6 1.3 6.4 5.0 a2 12 0.8 37
&30 Min/Max | 0.1/23 0.7/3.2 1.6/49 | 25/58 2.7/63 39/88 | 4.6/98 4.3/87 24/382 1.5/5.6  0.6/19 04/1.3 | 3.1/44
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.4 3.0 0.9 6.2 10.7 14.3 17.6 17.2 11.8 55 -0.6 -5.2 5.8
Daily Minimum Temp -10.7 -1.7 -4.5 -0.5 3.6 6.7 8.4 7.9 37 -1.4 -4.6 9.2 0.7
Daily Maximum Temp -2.1 1.7 6.3 129 17.9 219 26,7 26.3 19.8 124 35 -1.2 12.2
Record Minimum Temp | -38.9 -37.8 <339 | -122 72 2.2 -0.6 -0.6 -8.9 -194 =233 372 |59
Record Maximum Temp | 1.7 13.9 22.2 28.9 344 35.6 40.0 40.6 372 27.8 18.3 13.9 40.6
HDD, Base 18.3°C 767 597 530 363 236 131 54 71 204 398 567 728 4654
CDD, Base 18.3°C 0 0 0 0 0 11 30 35 7 0 0 0 33
Relative Humidity (%) 78 76 70 61 61 62 57 i) 65 73 79 81 68
Wind Speed (m/s) 2.6 26 3.1 3.6 34 3.1 3.0 29 29 23 2.6 %3 29
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WBAN NO. 24036

LATITUDE: 47.05° N
LONGITUDE: 109.45° W
ELEVATION: 1264 meters
MEAN PRESSURE: 872 millibars

STATION TYPE: Secondary

Manthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average

o 44—+
4 FE M A M ¢ J4 & 8 8 R’ B Y
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 2.3 3.6 4.8 5 6.4 6.8 5.8 4.2 2.8 1.7 1.2 39
Min/Max | 1.3/1.8 2.1/27 3.0/4.2 | 3.9/59 4.8/65 55/73| 6.1/74 5.1/6.6 3.3/49 | 2.5/32 1.5/1.9 [L.1/14 | 3.7/4.1
Tatitiide - 15 Average 2.6 3.6 4.7 54 5.8 6.3 6.9 6.4 53 42 29 2.3 4.7
auiaoe Min/Max | 2.2/3.6  3.1/44 3.6/58 | 42/7.0 4.8/68 53/72 | 61/7.6 55/73 3.9/64 | 3.4/50 2434 1927|4550
Taatitiid Average 3.0 39 4.9 5.3 54 5.8 6.4 6.1 54 4.5 3.2 2.7 4.7
alitice Min/Max | 2.5/4.1 34/49 3.6/6.1 | 4.0/6.9 45/64 49/66 | 5770 5371 3965 | 3.6/54 2639 22/32| 4550
Latitide #15 Average 32 4.1 4.8 49 4.8 50 5.5 53 1 | 4.6 34 2.8 4.5
e Min/Max | 2.6/45 34/5.1 3.5/62 | 3.7/64 4.0/56 42/56 | 49/6.1 4864 37/63 | 3.655 2.7/42 2.3/34 | 42/48
90 Average 3.1 3.8 4.1 3.4 3.1 3.0 34 3.7 4.0 4.0 32 2.8 3.5
Min/Max | 2.5/4.3  3.0/48 29/55 | 2.8/4.6 2.6/3.6 2.6/33| 3.1/3.6 3343 2849 | 3.1/48 2539 22/33|33/38
olar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-Sou xis m?/day), Uncertainty +9%
Solar Radiation for 1-Axis Tracking Flat-Plate Collect th a North-South Axis (kWh/m?/day), U tainty 9%
Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 22 3.3 5 6.6 1.5 8.7 9.6 8.3 6.2 4.3 %5 1.9 5.6
Min/Max | 1.9/3.0 3.0/43 38/6.4 | 4.8/9.1 6.2/94 6.9/10.5| 82/10.8 7.1/9.9 43/7.6 | 34/51 2.0/3.1 1622 52/6.0
ERAtE <15 Average 3 44 59 7.2 1.9 8.8 9.8 8.9 7.0 53 34 i 6.2
s Min/Max | 2.5/43 37/56 4.3/7.6 |5.1/100 6.4/9.8 69/106| 84/11.1 7.5/10.6 4.8/88 | 4.1/65 2.7/43 22/32 | 5.8/6.7
Fatitiide Average 34 4.7 6.1 7.1 T 8.5 25 8.7 Ll 35 a7 3.0 6.3
L Min/Max | 2.7/4.8 39/60 43/79 | 50/99 62/95 6.6/103| 8.1/10.8 7.4/105 4.8/89 | 4.3/6.8 2947 2.4/3.6 | 5.8/6.7
Latitade #15 Average 35 4.8 6.0 6.8 i 7.9 89 8.3 6.9 56 3.8 32 6.1
Min/Max | 2.8/5.1 4.0/62 43/79 | 4896 5890 6296 | 7.6/10.1 7.0/10.0 4.7/8.7 4.3/6.8 3.0/48 25/3.8 | 5.7/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
3 hd Average 3.6 4.8 6.1 7.2 8.0 9.0 10.0 8.9 =1 5.6 39 32 6.5
i Min/Max | 2.9/52 4.0/62 4.4/7.9 |5.1/10.0 6.5/99 7.1/10.9] 8.6/11.3 7.6/10.7 4.8/8.9 4.3/6.8 3.0/49 25/39 | 6.0/7.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day). Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.0 25 2.8 4.2 3.6 4.4 53 4.6 3.6 32 22 19 33
Horiz Axis Min/Max | 1.2/3.7 1.6/37 1.6/4.0 | 1.6/54 23/51 28/60 | 4.0/6.5 35/6.0 2.0/50| 1942 17/3.1 13/26]|29/38
1-Axis, N-S | Average 1.2 2.0 3.0 4.0 4.8 5.8 i, 6.0 4.3 29 1.5 1.1 37
Horiz Axis Min/Max | 0.7/2.3 1.4/3.1 1.7/4.3 | 2.1/7.0 3.2/6.8 3.8/8.0 | 53/8.6 4.6/80 23/59 1.8/3.9 1.122 0.7/1.5 | 3.2/43
1-Axis, N-S | Average 2.1 3.0 3.8 4.4 4.8 5.6 6.9 6.3 30 4.0 25 1.9 42
Tilt=Latitude | Min/Max | 1.3/3.9 2.0/4.5 22/53|23/7.7 32/6.8 3.6/7.7| 52/84 4884 27/7.0| 2553 1.9/3.5 14/2.7 | 3.7/49
e Average z22 3.0 3.8 4.5 7 | 6.1 74 6.5 i 4.0 2.6 2 4.4
s Min/Max | 1.3/4.2 2.0/4.6 22/54 | 23/7.8 3.3/7.2 3.9/84 | 56/90 5087 2770 | 2554 20/37 1529|3951
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.6 -39 -0.8 4.9 9.9 14.7 185 18.2 123 7.2 0.1 -5.2 5.8
Daily Minimum Temp <127 9.9 -0.9 -1.8 29 7.3 9.9 9.5 4.4 -0.2 -6.4 -11.3 -1.3
Daily Maximum Temp -0.6 232 3.4 11.6 16.9 22 ) 26.8 20.1 14.6 6.4 0.9 12.8
Record Minimum Temp | -37.2 -30.1 -31.1 -20.6 -8.9 4.4 I3 0.6 -8.3 -20.6 -333 -41.1 41.1
Record Maximum Temp | 22.8 18.9 0 28.0 31.0 36.7 36.7 394 36.1 29.4 23.9 239 394
HDD, Base 18.3°C 773 622 594 403 260 123 42 73 197 344 548 730 4711
CDD, Base 18.3°C 0 0 0 0 0 14 47 67 16 0 0 0 144
Relative Humidity (%) 68 69 68 62 63 64 55 53 59 59 65 67 63
Wind Speed (m/s) 30 4.6 4.3 4.6 43 38 3.8 3.7 38 4.0 43 4.6 42 J
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

 Miles City, MT

WBAN NO. 24037

} LATITUDE: 46.43° N
: LONGITUDE: 105.87° W
ELEVATION: 803 meters
MEAN PRESSURE: 922 millibars
STATION TYPE: Secondary
y ]
1961-1989 Average
0 —— —— } ! b
d: F A M J A 0 b Yr
Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average L7 2.6 3.8 4.9 5.9 6.8 7.0 6.0 4.4 G 1.8 1.4 4.1
Min/Max | 14/1.9 23/2.8 3.3/42 | 4.1/58 49/68 55/7.7| 6275 55/66 35/50| 2.5/32 1.5/20 1.2/1.5 | 3.8/44
fattide 1% Average 3.0 3.9 5.0 5h 6.0 6.7 el 6.7 5.6 4.4 3.0 2.6 50
| Min/Max | 2.3/3.7 34/46 4.1/57 | 45/6.7 50/70 53/76| 62/7.6 60/74 4.1/65 | 3.5/50 23/35 2.1/33 | 46/53
Tsititnde Average 34 43 52 5.5 33 6.1 6.5 6.5 3 4.7 34 3.0 5.0
Min/Max | 2.6/42 3.7/5.1 4.2/6.0 | 43/6.6 47/65 49/69 | 5871 58/7.1 4.1/6.7| 3.7/54 25/4.0 24/3.8 | 4.6/53
Tatitnde +1% Average 36 4.5 5il 5.1 5.0 5.3 5.6 5.8 54 4.8 3.6 32 4.8
- | Min/Max | 2.7/4.6  3.9/53 4.1/59 | 4.0/6.1 4.1/5.7 4.2/59 | 5.0/6.1 52/64 39/64 | 3.7/55 2.6/43 25/42 | 44/50
90 Average 35 4.1 4.3 3.7 32 Bl 34 39 4.2 4.1 34 B2 37
Min/Max | 2.6/4.5 3.4/48 3.352|29/43 2736 2634 | 3036 3542 2949 | 3.1/48 2341 2441 |34/39
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.6 3.8 54 6.9 8.0 9.3 9.9 8.8 6.6 45 27 2.1 59
Min/Max | 2.0/3.2 3.2/44 4.3/63 | 52/86 6.6/9.6 6.7/109| 8.6/10.9 7.5/10.0 4.6/7.9 | 3.5/52 20/32 1.7/27 | 53/64 \
[aiiinde 15 Average 3.5 4.8 6.3 75 8.3 9.4 10.1 9.4 7.5 5.6 3.6 3.0 0.0
‘ Min/Max | 2.7/44 4.1)57 4.9/75 | 55/94 6.7/99 6.8/11.0| 8.8/11.2 8.0/10.7 5.1/9.1 | 4.2/65 2.6/44 24/40 | 6.0/7.2
Tatthids Average 3.9 5.4 6.5 74 8.0 9.1 9.8 9.2 7.6 5.9 4.0 34 6.7
Min/Max | 2.9/4.9  4.3/6.1 5.0/7.7 | 54/9.3 6.5/9.7 6.5/10.6| 85/10.8 7.9/10.6 5.1/92 | 44/6.8 2.8/48 2.7/44 | 6.0/7.2
TatiETaE 1% Average a1 i3 6.4 7.1 7.6 8.5 9.2 8.8 74 5.9 4.1 36 6.5
» Min/Max | 3.0/5.2 44/63 49/7.7 | 52/9.0 62/9.1 6.0/10.0| 7.9/10.2 7.5/10.1 4.9/9.0 | 44/6.9 2.8/49 28/47 | 58/7.1 |
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
o oAis Average 4.1 3.3 6.5 15 8.4 9.7 10.3 9.4 7.6 59 4.1 3.6 6.9
E Min/Max | 3.0/5.2 4.4/63 5.0/7.7 | 55/94 6.8/10.1 69/11.3| 89/11.4 8.1/10.8 5.1/92 | 44/69 29/50 2.8/48 | 6.2/7.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 23 2.7 31 34 3.9 4.9 5.5 5.0 4.0 34 24 211 3.6
Horiz Axis Min/Max | 1.2/3.2 2.0/39 2.0/45| 1749 27/53 27/64 | 44/65 4.0/6.1 2.1/52 | 2.2/43 1.5/3.2 1.4/3.3 | 3.0/42
1-Axis, N-S | Average 1.4 2z 33 44 o 6.5 7.4 6.5 4.8 3 17 1.2 4.0
Horiz Axis | Min/Max | 0.7/2.1 1.6/32 2.1/47 | 22/64 3.7/7.0 35/84 | 59/88 51/81 25/63 | 2.0/4.0 1023 08/1.9  3.3/4.7
I-Axis, N-S | Average 25 32 4.2 48 52 6.3 72 6.8 5.6 43 27 22 4.6
Tilt=Latitude | Min/Max | 1.3/3.5 2.3/4.6 2.6/59 | 25/69 3.7/7.0 34/8.1 | 5.7/8.6 53/85 2.9/7.3 | 2.7/54 1.6/3.6 1.4/34 | 39/54 |
ot Average 2.6 33 4.2 49 55 6.8 3 7.1 5.6 43 2.8 24 4.8
Min/Max | 1.4/3.7 2.4/48 2.6/59 |25/7.1 39/74 3788 | 62/92 55/88 29773 | 2854 1738 1537|4056
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -89 4.8 0.7 78 13.8 19.4 23.7 225 154 8.9 0.1 O g | 7.6
Daily Minimum Temp -14.3 -10.6 -5.4 1.0 7.0 12.3 159 14.7 8.1 1.9 -5.9 -12.6 I.1
Daily Maximum Temp -35 0.8 6.8 14.5 20.6 26.6 31.6 30.3 228 15.8 5.8 -1.7 14,2
Record Minimum Temp | -37.2 -37.8 -30.6 | -15.0 -5.6 1.7 6.7 2.2 -5.0 -17.2 -31.7 -40.0 -40.0
Record Maximum Temp | 144 19.4 26.7 328 37.8 41.1 42.2 40.6 40.0 33.9 32 18.9 422
HDD, Base 18.3°C 844 649 546 317 148 47 3 22 b 293 548 789 4331
CDD, Base 18.3°C 0 0 0 0 8 80 170 151 40 0 0 0 449
Relative Humidity (%) 72 72 68 58 57 55 47 45 54 60 69 73 6l
Wind Speed (m/s) 4.6 4.5 4.9 52 sl 4.6 4.4 44 4.5 4.5 4.2 44 4.6
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Missoula, MT

WBAN NO. 24153

LATITUDE: 46.92° N

LONGITUDE: 114.08° W

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

T
ELEVATION: 972 meters
MEAN PRESSURE: 905 millibars
STATION TYPE: Secondary
1 ad
1961-1990 Average
o
J F M K M J4 4 A E © N B Yr
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average =3 21 o 4 45 535 6.3 6.9 5.8 4.2 27 1.4 il 38
Min/Max | 1.1/1.6  1.6/25 2.7/40 | 3.8/54 44/63 52/76| 5975 5.1/6.8 34/52| 23/34 1316 1.0/1.3 | 3.5/4.0
Latitude -15 | Average | 2.0 30 4.0 5.0 5.6 6.1 7.0 6.4 53 39 2] 1.7 44
attude -1 | hin/Max | 1.52.8  2.0/3.6  32/54 | 4.1/62 4566 5.1/75 | 6.0/7.6 5.6/7.6 40/68 | 2.9/53 1827 1.4/2.0 | 4.0/4.7
Teatitad Average 22 32 4.1 4.9 3.2 5.6 6.4 6.1 54 4.1 2.3 1.9 4.3
Alityde Min/Max | 1.632 2.0/3.9 33/57 | 3961 42/62 4.6/68 | 5570 5373 40/7.0 | 3.057 1930 1523|4047
Latitude +15 | Average | 23 32 4.0 45 46 48 5.6 55 5.1 4.1 2.4 2.0 4.0
M Min/Max | 1.6/3.4 2.0/41 3.1/58 | 3.6/56 37/55 4.0/58 | 48/6.1 4866 3867 | 3058 1931 1525|3744
90 Average 2.2 2.9 33 3 3.0 29 34 L hir 4.0 3.6 13 1.9 3.0
Min/Max | 1534 1.7/38 25/5.1 |26/40 24/35 2534 | 3.0/3.6 3344 29/52| 2551 L7329 L1424 |238/34
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average L7 28 4.3 6.1 7.3 84 9.9 8.5 6.2 4.0 1.9 1.4 52
Min/Max | 1.3/25 1834 3560|4778 54/88 6.6/109| 80/11.1 7.0/103 44/84 | 3.0/56 1524 L1117 | 4.8/57
Latitude -15 | Average 2.3 35 5.0 6.5 1.5 £s 10.2 9.0 7.1 4.9 25 1.9 53
autude -15 | pin/Max | 1.6/34  2.1/43 3971 | 5086 56092 6.6/110| 8.1/11.4 74111 4997 | 3570 1932 1524|5263
TR Average | 24 3.7 5.1 6.5 73 B2 9.9 8.9 %l 5:1 2.6 2.0 5.7
e Min/Max | 1.6/37 2246 3973|4985 5389 64/106| 79/11.0 7.3/11.0 49098 | 3573 2034 1526 |52/63
Latitads +1% Average 25 37 3.0 6.2 6.9 7.7 9.3 8.5 7.0 5.4 2.7 24 5.6
aailion Min/Max | 1.7/3.9 2247 3873 | 4781 5084 59100| 74/104 69105 4796 | 3.574 2135 1.62.7 | 5.0/6.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
ks Average | 2.6 3.8 5 6.6 7.6 8.7 10.4 9.1 7.2 5.1 27 2.1 59
Rk Min/Max | 1.7/3.9 2.2/47 3973 | 50/86 56/93 68114 83/11.6 7.5/11.2 4998 | 3.6/74 2136 1628 |54/65
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.1 1.7 23 29 34 42 5.6 47 38 2.8 L 1.0 29
Horiz Axis | Min/Max | 02/2.1 0.6/25 13/3.7 | 1.8/44 1747 2.9/65 | 3.9/6.6 3564 2.1/58| L1547 0720 05/1.6 25734
1-Axis, N-S | Average 0.7 1.4 24 3.7 4.5 5.6 7.6 53 44 2.6 0.9 0.6 34
Horiz Axis | Min/Max | 0.1/1.4 052.1 14/39 | 2.3/57 2.3/63 3.8/87 | 52/89 46/86 24/70| 1544 05/14 0309 | 2.9/39
1-Axis, N-S | Average 1.2 2.0 3.0 4.0 4.5 5.4 7.4 6.6 52 3.6 LS 1.0 38
Tilt=Latitude | Min/Max | 02/23 0.7/3.0 1849|2562 23/63 3.7/83| 51/87 4890 2882 | 20559 0723 06/1.6|32/44
3 K ot Average 1.2 2.1 3.0 4.1 4.8 58 7.9 6.8 52 36 1.6 1.1 4.0
IS Min/Max | 03/2.5 08/3.1 1.8/50 | 2563 24/66 4009.1 | 5594 5003 2882 | 20/60 0824 06/1.8 | 3.4/46
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) =52 -1.6 2.1 6.8 11.0 15.6 19.3 18.8 132 6.8 0.2 4.8 6.8
Daily Minimum Temp -9.2 -6.2 -3.9 0.6 3.5 7.8 10.1 9.6 4.7 -0.4 4.3 -8.7 0.2
Daily Maximum Temp =L 3.0 8.1 142 18.7 233 28.6 27.9 21.6 13.9 48 -1.0 13.5
Record Minimum Temp | -36.1 -32.8 -25.0 -10.0 -6.1 -0.6 -0.6 0.0 -6.7 -17.8 -30.6 344 -36.1
Record Maximum Temp | 15.0 15.6 23.9 30.6 35.0 36.7 40.6 40.6 372 29.4 18.9 15.0 40.6
HDD, Base 18.3°C 728 557 503 347 227 99 36 45 168 358 543 7 4329
CDD, Base 18.3°C 0 0 0 0 0 16 67 59 13 0 0 0 156
Relative Humidity (%) 81 78 70 61 62 6l 52 53 63 71 80 84 68
Wind Speed (m/s) 24 2.6 3.0 35 34 33 3.3 3.0 2.8 23 25 2.2 29
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